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Saudi ArabiaAbstract In addition to color, ash and electrical conductivity (EC), the levels of 14 minerals were
investigated in 23 varieties of honey from Saudi Arabia and six other countries. The quantities of
the macrominerals obtained were as follows (in ppm): K (298.60–491.40), Mg (80.70–199.30), Ca
(60.75–99.95), P (21.10–33.29), and Na (15.69–26.93). The quantities of trace minerals were as fol-
lows (in ppm): Fe (67.18–98.13), I (12.61–94.68), Mn (4.15–6.04), Zn (3.44–5.72), Li (1.15–4.26), Co
(1.00–1.32), and Ni (0.15–0.67). The quantities of the heavy metals Pb and Cd were found to be
0.06–0.23 and 0.00–0.16, respectively. The values of the tested elements––color, ash and EC––varied
among the tested honeys according to their botanical origin. Dark honeys, especially acacia honeys,
had higher elemental content and EC values than lighter ones. Saudi and Yemeni seder honeys
exhibited no distinctive characteristics in their tested parameters. The levels of heavy metals indi-
cated that the tested honeys were safe for human consumption.
ª 2012 Production and hosting by Elsevier B.V. on behalf of King Saud University.
Open access under CC BY-NC-ND license.1. Introduction
The demand for bio-products has been high in recent years.
Bee honey, a bio-product consumed worldwide, is composedof sweet plant and bee secretions utilized and stored by honey-
bees in their hives as a source of energy. The major constitu-
ents of honey (75%) are monosaccharides (fructose and
glucose), with low quantities of disaccharides (sucrose) and
polysaccharides. Minor constituents include enzymes, acids,
minerals and unidentiﬁed substances. The composition of
honey is inﬂuenced by some biotic and abiotic factors created
around the bee colony, i.e., ﬂoral sources, climate conditions,
soil, and beekeeper practices (White et al., 1962). Honey con-
tains different quantities of minerals ranging from 0.02 g/
100 g to 1.03 g/100 g, with potassium being the most abundant
element comprising approximately one-third of the total min-
eral content (White, 1975; De Ferrer et al., 2004; Bogdanov
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as potassium, calcium, and sodium, and trace minerals, such as
iron, copper, zinc, and manganese, play a critical role in bio-
logical systems. These elements maintain normal physiological
reactions, induce general metabolism, germination, circulatory
systems and inﬂuence reproduction as catalysts of various bio-
chemical reactions (Stanisˇkien„ et al., 2006). Some heavy met-
als, such as lead, cadmium, mercury, and aluminum, can be
toxic if maximum residue levels are exceeded (Valkovic,
1975; Bratu and Georgescu, 2005; Tuzen and Soylak, 2005).
Because of its chemical composition, honey has been found
to signiﬁcantly affect human nutrition, healing, and prevention
of illness. Possible honey contaminants include pesticides and
residues of antibiotics, minerals above permitted levels, and
toxic heavy metals. Therefore, the production of honey free
of harmful chemicals is necessary (McKee, 2003).
Honeybees are excellent monitors of contamination in their
environment. They reﬂect the concentrations of pollutants over
both time and large spatial areas (Sanford, 1994). Honey reﬂects
the chemical constituents of the plants from which the bees col-
lect their food, and the content of trace elements can indicate the
botanical origin of a particular honey (Celli and Maccagnani,
2003; Bogdanov, 2006). Dark honeys were found to have higher
contents of trace elements than light ones (Felle-Demalsy et al.,
1989; Sevlimli et al., 1992; Gonzalez-Miret et al., 2005).
Honey is widely consumed in Saudi Arabia as a curative
agent either alone or as a carrier for medicinal herbal mixtures
and is used as the main constituent in several traditional foods
throughout the country (Alqarni, 2011). With an estimated local
production of 3500 tons, Saudi Arabia imports 13,542 tons of
honey annually. Most of the imported honey comes from Mex-
ico (24%), Pakistan (22%), India (11.5%), Australia (9.5%),
and Argentina (9.3%) (Alqarni, 2011). Although previous stud-
ies conducted on Saudi honey have examined the physiochemi-
cal characteristics, evaluated the quality including the heavy
metal content, determined the pollen spectrum, and studied
the antimicrobial activity (e.g., Mesallam and El-Shaarawy,
1987; Abu-Tarboush et al., 1993; Al-Khalifa and Al-Arify,
1999; Al-Doghairi et al., 2007; Ashraf and Akram, 2008), peri-
odic analysis of the mineral and heavy metal contents of local
Saudi and imported honeys is necessary. Recently, several inter-
national reports have surfaced describing contaminated honey
that is traded around the world. In 2010, the Indian Center
for Science and Environment (CSE) conducted a study on
samples from several national honey brands in India intended
for export. The CSE study reported that most of the honey sam-
ples were contaminated with antibiotics and heavy metals
(http://www.cseindia.org).
The present work was conducted to determine the concen-
trations of minerals and trace elements and certain physical
properties of local and imported honeys in Saudi Arabia to
verify their quality and safety for human consumption.2. Materials and methods
2.1. Honey samples
Saudi samples were collected from local honey producers,
whereas exotic samples were collected from local markets.
Some exotic samples––manuka, tualang, Jarrah, and Egyptian
honeys––were brought from New Zealand, Malaysia, Austra-lia, and Egypt, respectively. The sampling and analysis proce-
dures were as follows:
As shown in Table 1, native and exotic honeys (23 samples
from seven countries) were tested. Thirteen honey samples were
collected from different regions of Saudi Arabia (11 samples
from native ﬂowers and 2 from artiﬁcially fed colonies). Of
the exotic samples, 3 were from Egypt, 2 from New Zealand,
2 from Germany, and 1 each from Yemen, Australia and
Malaysia. All tested honeys were produced by Apis mellifera
except the Malaysian tualang honey, which was produced by
Apis dorsata. The common names of these honeys, the year of
their production and the regional data were also reported. All
samples were packed in glass bottles (250 g/honey type) and
maintained at room temperature (25 C) away from light prior
to analysis.
3. Determination of minerals and physical properties
The following studies were conducted at the College of Food
and Agriculture Sciences, King Saud University, Riyadh,
Saudi Arabia, during June, 2010.
3.1. Minerals
Fourteen minerals (K, Mg, Ca, P, Na, Fe, I, Mn, Zn, Li, Co,
Ni, Pb, and Cd) were determined in honey samples of known
weight (3 replicates/honey type). An atomic absorption spec-
trophotometer (Model 3300, MS-DOS, detection limit is 3 s,
lg/L, PerkinElmer Inc., USA) was used according to the
method described by Chapman and Pratt (1961).
3.2. Optical density (OD)
One gram of honey was diluted with 9 ml of distilled water and
centrifuged for 10 min at 3000 rpm. The absorbance of the ﬁl-
trate supernatant was measured at 530 nm against distilled
water as a blank using a computerized spectrophotometer
(V-530 UV–VIS, JASCO Corporation, Japan).
3.3. Ash content
According to the AOAC methods (1990), 5-g of honey samples
were placed in combustion pots, which required preheating to
darkness with a gas ﬂame to prevent honey foaming. Then, the
samples were incinerated at high temperature (550 C) in a
burning mufﬂe for 5 h. After cooling at room temperature,
the obtained ash was weighed.
3.4. Electrical conductivity (EC)
The EC was calculated, depending on the ash content, accord-
ing to the following equation reported by Piazza et al. (1991):
EC (mS/cm) = 0.14 + 1.74 · A in which A is the ash content
(g/100 g honey).
4. Statistical analysis
The collected data were statistically analyzed, and the mean
values of three replicates per honey type were compared using
the least signiﬁcant difference (LSD) test at P< 0.05 probabil-
Table 1 Types and regional data of the honeys tested.
Codes* Honey types (scientiﬁc names) Area of production and year
ACS1 Acacia Saudi honey 1 (Acacia spp.) South KSA, 2009
ACS2 Acacia Saudi honey 2 (A. spp.) Middle KSA, 2009
ACS3 Acacia Saudi honey 3 (A. spp.) Shouaib Al-Sahl, KSA, 2009
SMS Somrah (Acacia tortalis) Al-Taif, South West KSA, 2009
SDS1 Seder (Ziziphus spina-christi) South KSA, 2009
SDS2 Seder (Z. spina-christi) Rawdha Al-Hashim, KSA, 2009
SDS3 Seder (Z. spina-christi) Al-Taif, South West KSA, 2009
SHS Shefallah (Capparis spp.) Shouaib Tarif, KSA, 2010
ALS Alfalfa (Medicago sativa) Al-Ghowailk farm, KSA, 2010
MFS1 Multiﬂoral (various ﬂowers) Diyrab5, South Riyadh, KSA, 2010
MFS2 Multiﬂoral (various ﬂowers) Diyrab, South Riyadh, KSA, 2009
ARS1 Artiﬁcially fed colonies1 Diriyah, BRU4, Riyadh, KSA, 2010
ARS2 Artiﬁcially fed colonies2 Diriyah, BRU, Riyadh, KSA, 2010
SDY Seder (Z. spina-christi) Hadramout, Yemen, 2009
CTE Citrus (Citrus spp.) Qalyubia Governorate, Egypt, 2010
CVE Clover (Trifolium alexnadrinum) Fayoum Gov., Egypt, 2010
CNE Cotton (Gossypium barbadense) Fayoum Gov., Egypt, 2010
MKN1 Manuka UMF3 18% (Leptospermum spp.) New Zealand, 2009
MKN2 Manuka UMF 10% (L. spp.) New Zealand, 2009
BFG Black forest (Forest trees) Germany, 2009
PAG Pseudo Acacia (Rhobinia pseudoacacia) Germany, 2009
JRA Jarrah (Eucalyptus marginata) Australia, 2009
TUM Tualang (Koompassia excels) Malaysia, 2009
1 A. m. yemenitica colonies.
2 A. m. carnica colonies.
3 Unique manuka factor.
4 Bee Research Unit, King Saud University, KSA.
5 Educational Farm of College of Food and Agric. Sci., KSU, KSA.
* ACS1, 2, 3 (Acacia gerardii honey from three locations, KSA), BFG (Black forest honey, Germany), SMS (A. tortilis honey, KSA), MKN 1
& 2 (manuka honey 18% and 10% UFM, New Zealand), MFS 1 & 2 (multiﬂoral honeys 1 & 2, KSA) SHS (Shafallah––caper bush––honey, C.
spinosa, KSA), SDS 1, 2, 3 (seder, Ziziphus sp. honey from three locations, KSA), SDY (seder, Z. sp. honey, Yemen), TUM (Tualang tree
Koompassia excelsa honey, Malaysia), CNE (cotton honey, Egypt), JRA (Jarrah, E. marginata honey, Australia), CVE (clover honey, Egypt),
PAG (pseudoacacia trees, R. pseudoacacia honey, Germany), ARS 1 & 2 (artiﬁcially fed colony honeys 1 & 2, KSA), CTE (citrus honey, Egypt),
and ALS (alfalfa honey, KSA).
620 A.S. Alqarni et al.ity levels according to Snedecor and Cochran (1981). The cor-
relation coefﬁcient (r) was also calculated.
5. Results
5.1. Minerals
The minerals identiﬁed in the tested honeys are listed in
Table 2. These minerals, in the descending order of quantity,
were as follows: potassium (K), magnesium (Mg), calcium
(Ca), iron (Fe), phosphorous (P), sodium (Na), and manganese
(Mn). Potassium was found to be the predominant mineral in
all honeys tested. The highest K content (491.40 ppm) was
found in ACS3 (Saudi acacia honey 3), and the lowest
(298.60 ppm) was found in ARS1 (honey from artiﬁcially fed
colony 1), with a signiﬁcant difference (P< 0.05) between
the two values. The amounts of K in the other honey types fell
between these values. The second most prevalent mineral was
Mg, with signiﬁcantly different (P< 0.05) values ranging
between 199.30 ppm in MKN2 (manuka honey UMF 10%
from New Zealand) and 80.70 ppm in CTE (citrus honey from
Egypt). The ARS1, ALS (alfalfa, from Saudi Arabia), ARS2
(artiﬁcially fed colony 2), CVE (clover honey from Egypt),
and PAG (pseudoacacia from Germany) honeys exhibited sim-
ilar Mg contents (ranging from 80.7 ppm to 86.6 ppm), butthese were signiﬁcantly lower (P< 0.05) than those of the
other types (ranging from 140.3 ppm to 196.3 ppm). The cal-
cium content was moderate with a signiﬁcant difference
(P< 0.05) between the values ranging from 99.97 ppm in
MKN2 to 60.75 ppm in PAG. Similarly, the Fe values range
between 98.13 ppm and 67.18 ppm in ACS3 and PAG, respec-
tively, with a signiﬁcant difference (P< 0.05). The phospho-
rus content was lower than the K, Mg, Ca, or Fe content
and ranged between 33.29 ppm in PAG and 21.10 ppm in
SMS (Somrah Saudi acacia honey), with a signiﬁcant differ-
ence (P< 0.05). Contrary to its P values, PAG exhibited the
lowest Na content (15.69 ppm), whereas SMS had the highest
(26.93 ppm), with a signiﬁcant difference (P< 0.05). The low-
est mineral content in the tested honeys was found for Mn and
ranged between 6.04 ppm in ACS3 and 4.15 ppm in PAG. The
data showed that PAG honey had the lowest values for Ca, Fe,
and Mn.
The trace minerals detected in all honey samples tested are
listed in Table 3. Their occurrence, in a descending order of
quantity, was as follows: iodine (I), zinc (Zn), lithium (Li),
cobalt (Co), and nickel (Ni). The values for I ranged between
12.61 ppm in ACS3 and 94.68 ppm in PAG, with a signiﬁcant
difference (P< 0.05) between the two values. Most of the
tested Saudi samples exhibited low I values compared with
the exotic ones. In contrast, most of the Saudi samples exhib-
Table 2 Mean values of macromineral content (ppm) for local
and imported honeys in Saudi Arabia.
Honey types* Macrominerals
K Mg Ca P Na
ACS1 428.5 188.7 96.70 29.01 15.94
ACS2 434.5 194.4 98.54 30.31 19.03
ACS3 491.4 196.3 99.95 30.14 17.16
SMS 418.6 186.1 98.29 21.10 26.93
SDS1 394.5 168.2 94.08 28.36 21.29
SDS2 399.8 168.2 98.15 26.74 25.84
SDS3 371.3 140.3 86.68 27.94 21.15
SHS 418.6 188.6 92.14 22.60 26.18
ALS 301.4 85.6 64.18 31.08 16.84
MFS1 380.7 149.9 72.34 29.41 18.24
MFS2 348.9 149.2 88.03 25.93 25.61
ARS1 298.6 85.2 64.00 31.69 16.63
ARS2 309.4 86.6 73.90 29.78 18.18
SDY 360.6 157.0 88.15 27.16 24.98
CTE 310.8 80.7 64.41 33.13 17.12
CVE 306.9 84.5 63.81 31.48 17.24
CNE 315.7 86.6 62.93 29.96 18.78
MKN1 380.9 163.1 92.84 29.17 25.21
MKN2 479.0 199.3 99.97 28.93 20.41
BFG 384.2 168.6 91.86 29.34 20.84
PAG 324.6 88.4 60.75 33.29 15.69
JRA 368.4 155.2 89.66 27.64 23.14
TUM 461.2 191.8 99.78 27.29 18.71
LSD0.05 41.3 13.6 8.43 2.76 2.02
* ACS 1, 2, 3 (A. gerardii honey from three locations, KSA), BFG
(Black forest honey, Germany), SMS (A. tortilis honey, KSA),
MKN 1 & 2 (manuka honey 18% and 10% UFM, New Zealand),
MFS 1 & 2 (multiﬂoral honeys 1 & 2, KSA) SHS (Shafallah––caper
bush––honey, C. spinosa, KSA), SDS 1, 2, 3 (seder, Z. sp. honey
from three locations, KSA), SDY (seder, Z. sp. honey, Yemen),
TUM (tualang tree K. excelsa honey, Malaysia), CNE (cotton
honey, Egypt), JRA (Jarrah, E. marginata honey, Australia), CVE
(clover honey, Egypt), PAG (pseudoacacia trees, R. pseudoacacia
honey, Germany), ARS 1 & 2 (artiﬁcially fed colony honeys 1 & 2,
KSA), CTE (citrus honey, Egypt), and ALS (alfalfa honey, KSA).
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ranged between 5.72 ppm in ACS3 and 3.44 ppm in PAG, with
a signiﬁcant difference. The Li contents ranged between
1.15 ppm in PAG and 4.26 ppm in ACS3, with a signiﬁcant
difference (P< 0.05). The Co values ranged between
1.00 ppm in ARS1, SDY (seder honey from Yemen) and
CTE (citrus honey from Egypt), and 1.32 ppm in ACS3, with
a signiﬁcant difference (P< 0.05). The honeys of Saudi Ara-
bia, New Zealand, and Malaysia clearly had signiﬁcantly
(P< 0.05) higher Co values than the Egyptian and Australian
honeys. For Ni, no values exceeded 0.67 ppm (MKN2), and
the lowest value (0.15 ppm) was recorded in PAG, with a sig-
niﬁcant difference (P< 0.05).
Among the heavy metals, lead (Pb) was detected in all
honey samples tested, while cadmium (Cd) was detected in
all but two of the samples (CVE and PAG honeys). None of
the recorded Pb values exceeded 0.23 ppm and were less than
the maximum recommended level (1.00 mg/kg) by the Euro-
pean Commission (Byrne, 2000). In addition, the Saudi, New
Zealand and Malaysian honeys had signiﬁcantly (P< 0.05)
higher Pb values than those from Egypt or Australia. The lev-els of Cd were low in all honey types and ranged between
0.00 ppm and 0.15 ppm.
5.2. Color
The color (given as optical density) of the tested honeys could
be divided into ﬁve categories (Table 4). The ﬁrst category (the
darkest) ranged between 7.00 and 7.25 and included two Saudi
acacia honeys (ACS1 and ACS2). The second category
included BFG (Black forest honey from Germany) with an
OD value of 3.40. The third category (moderately dark hon-
eys) included ACS3, SMS, and MKN2 (2.30–2.75). The fourth
category contained 10 varieties of the tested honeys (1.05–1.75)
that included MFS2, SHS, all Saudi and Yemeni seder varie-
ties, CNE, JRA, MKN1, and TUM honeys. The ﬁfth category
was the lightest and included the remaining honey types
(OD= 0.50–0.90), the honeys from artiﬁcially fed colonies 1
and 2 (ARS1 and ARS2).
5.3. Electrical conductivity and ash content
Table 5 provides the electrical conductivity (EC) values and
the ash contents of the tested honeys. The data show that
the Saudi acacia honeys (ACS1, ACS2, and ACS3) had the
highest EC values and ash contents. Their EC values ranged
between 2.0035 mS/cm and 3.1388 mS/cm, followed by Black
forest honey (Germany), Jarrah honey (Australia), seder honey
2 (Saudi Arabia), and tualang honey (Malaysia). The lowest
EC value was found for pseudoacacia honey from Germany
(0.2152 mS/cm). Because the EC depends primarily on the
mineral content of the honey, EC was accepted in the interna-
tional standards as a replacement for the determination of ash
content (Codex Alimentarius Committee on Sugars, 2001;
European Commission, 2001).6. Discussion
6.1. Minerals
The results indicated that K was the predominant mineral in
all local and exotic honey types, followed by Mg, Ca, Fe, P,
Na, and Mn. These results conﬁrm the report of Mesallam
and El-Shaarawy (1987) that K and Na were the predominant
elements in Saudi honeys. Kaakeh and Gadelhak (2005) found
higher values than those in the present study for K, Na, and P
in Langnese (Germany), Nile ﬂower (New Zealand), and Saudi
(acacia, lime and orange) honeys; however, their low values for
Fe and Ca in German, Saudi and Australian honeys, and those
of Mg and Mn are close to those in the present ﬁndings. The
present values for K and Ca fall within the range of those of
Rodriguez-Otero et al. (1992), but the values for Na, Mg,
Fe, and Mn differ. In contrast, Abu-Tarboush et al. (1993)
found that P and K were the predominant minerals in Saudi
honeys. In another study, variable mineral contents were
recorded in the honeys collected from different regions of
Saudi Arabia (Al-Khalifa and Al-Arify, 1999). This report
mentioned that K was found in largest amount, followed by
P and Na. Contrary to our ﬁndings, those authors reported
that the elemental concentrations of Saudi honeys were lower
than those of Australia or Hungary. In the present study, the
Table 3 Mean values of trace minerals and heavy metals (ppm) for local and imported honeys in Saudi Arabia.
Honey types* Trace minerals Heavy metals
Fe I Mn Zn Li Co Ni Pb Cd
ACS1 92.56 20.10 5.25 4.36 2.84 1.15 0.52 0.19 0.11
ACS2 93.24 14.96 5.34 4.45 2.94 1.23 0.51 0.19 0.12
ACS3 98.13 12.61 6.04 5.72 4.26 1.32 0.66 0.23 0.16
SMS 94.18 13.85 5.41 4.63 2.98 1.26 0.58 0.19 0.14
SDS1 86.10 45.65 5.03 4.21 2.24 1.09 0.41 0.13 0.08
SDS2 86.88 41.26 5.13 4.22 2.44 1.06 0.43 0.14 0.09
SDS3 82.90 66.15 4.96 4.10 1.82 1.04 0.40 0.10 0.08
SHS 86.96 41.02 5.19 4.28 2.68 1.10 0.41 0.16 0.09
ALS 68.45 90.12 4.18 3.49 1.20 1.02 0.19 0.07 0.04
MFS1 70.60 79.81 4.40 3.71 1.42 1.05 0.29 0.08 0.04
MFS2 80.13 76.40 4.88 3.96 1.68 1.02 0.35 0.09 0.06
ARS1 69.60 81.14 4.18 3.66 1.39 1.00 0.30 0.08 0.04
ARS2 73.24 75.36 4.46 3.90 1.58 1.04 0.31 0.09 0.06
SDY 80.12 72.08 4.90 3.98 1.70 1.00 0.34 0.09 0.06
CTE 69.09 86.54 4.18 3.59 1.31 1.00 0.21 0.08 0.04
CVE 68.02 89.98 4.16 3.54 1.16 1.02 0.19 0.07 0.00
CNE 72.59 76.99 4.39 3.89 1.48 1.06 0.32 0.08 0.05
MKN1 76.26 75.55 4.86 3.95 1.58 1.03 0.36 0.09 0.06
MKN2 96.92 13.14 5.93 5.24 3.48 1.30 0.67 0.23 0.14
BFG 84.84 51.43 4.98 4.16 2.12 1.09 0.39 0.11 0.08
PAG 67.18 94.68 4.15 3.44 1.15 1.08 0.15 0.06 0.00
JRA 82.93 62.18 4.99 4.08 1.99 1.06 0.38 0.10 0.08
TUM 94.93 13.02 5.72 4.80 3.10 1.24 0.60 0.21 0.15
LSD0.05 7.82 6.10 0.43 0.39 0.21 0.13 0.03 0.02 0.01
* ACS 1, 2, 3 (A. gerardii honey from three locations, KSA), BFG (Black forest honey, Germany), SMS (A. tortilis honey, KSA), MKN 1 & 2
(manuka honey 18% and 10% UFM, New Zealand), MFS 1 & 2 (multiﬂoral honeys 1 & 2, KSA) SHS (Shafallah––caper bush––honey, C.
spinosa, KSA), SDS 1, 2, 3 (seder, Z. sp. honey from three locations, KSA), SDY (seder, Z. sp. honey, Yemen), TUM (tualang tree K. excelsa
honey, Malaysia), CNE (cotton honey, Egypt), JRA (Jarrah, E. marginata honey, Australia), CVE (clover honey, Egypt), PAG (pseudoacacia
trees, R. pseudoacacia honey, Germany), ARS 1 & 2 (artiﬁcially fed colony honeys 1 & 2, KSA), CTE (citrus honey, Egypt), and ALS (alfalfa
honey, KSA).
Table 4 Optical densities (ODs) for local and imported honeys in Saudi Arabia.
Category OD530 nm Honey types
*
1 7.00–7.25 ACS1, ACS2
2 3.40 BFG
3 2.30–2.75 ACS3, SMS, MKN2
4 1.05–1.75 MFS2, SHS, SDY, SDS2, TUM, SDS3, SDS1, CNE, JRA, MKN1
5 0.50–0.90 CVE, PAG, ARS2, CTE, ARS1, ALS, MFS1
* ACS 1, 2, 3 (A. gerardii honey from three locations, KSA), BFG (Black forest honey, Germany), SMS (A. tortilis honey, KSA), MKN 1 & 2
(manuka honey 18% and 10% UFM, New Zealand), MFS 1 & 2 (multiﬂoral honeys 1 & 2, KSA) SHS (Shafallah––caper bush––honey, C.
spinosa, KSA), SDS 1, 2, 3 (seder, Z. sp. honey from three locations, KSA), SDY (seder, Z. sp. honey, Yemen), TUM (tualang tree K. excelsa
honey, Malaysia), CNE (cotton honey, Egypt), JRA (Jarrah, E. marginata honey, Australia), CVE (clover honey, Egypt), PAG (pseudoacacia
trees, R. pseudoacacia honey, Germany), ARS 1 & 2 (artiﬁcially fed colony honeys 1 & 2, KSA), CTE (citrus honey, Egypt), and ALS (alfalfa
honey, KSA).
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than the exotic ones. Among the Saudi varieties, acacia honey
contained the highest levels of K, Mg, Ca, Fe, and Mn. This
variability in mineral content can be attributed to botanical,
environmental, and geographical factors (Bogdanov et al.,
2007). Chua et al. (2012) demonstrated that K and Na were
the most abundant minerals in Malaysian honeys––speciﬁcally
the tualang, gelam, acacia and a few forest varieties––ranging
from 69.3% to 78.6% and 14.1% to 28.7%, respectively. These
elements represented the mineral markers used to distinguish
the honey origin.The average values of the trace minerals in all Saudi honeys
tested were 50.65 ppm, 4.2 ppm, 2.27 ppm, 1.11 ppm, and
0.41 ppm, whereas the exotic honeys exhibited relative aver-
ages of 63.56 ppm, 4.1 ppm, 1.91 ppm, 1.09 ppm, and
0.36 ppm for I, Zn, Li, Co, and Ni, respectively. For the heavy
metals, these values averaged 0.13 ppm and 0.09 ppm in Saudi
honeys and 0.11 ppm and 0.07 ppm in exotic honeys for Pb
and Cd, respectively.
Al-Khalifa and Al-Arify (1999) detected Cd in one honey
sample (0.008 mg/kg), while Pb was detected in low levels
(0.03–0.24 mg/kg) in all samples tested. Other studies found
Table 5 Mean ash contents and electrical conductivities (EC)
of local and imported honeys in Saudi Arabia.
Honey types* Ash content (%) EC (mS/cm)
ACS2 1.723 3.1388
ACS1 1.126 2.0992
ACS3 1.071 2.0035
BFG 0.587 1.1622
JRA 0.537 1.0748
SDS2 0.436 0.8989
TUM 0.401 0.8386
SMS 0.394 0.8253
CTE 0.380 0.8012
SDY 0.363 0.7714
SDS1 0.340 0.7310
MKN1 0.302 0.6650
MFS1 0.287 0.6398
MFS2 0.265 0.6003
MKN2 0.241 0.5596
SHS 0.240 0.5568
CNE 0.232 0.5429
ARS2 0.229 0.5381
ARS1 0.141 0.3847
SDS3 0.114 0.3380
ALS 0.096 0.3074
CVE 0.066 0.2552
PAG 0.043 0.2152
* ACS 1, 2, 3 (A. gerardii honey from three locations, KSA), BFG
(Black forest honey, Germany), SMS (A. tortilis honey, KSA),
MKN 1 & 2 (manuka honey 18% and 10% UFM, New Zealand),
MFS 1 & 2 (multiﬂoral honeys 1 & 2, KSA) SHS (Shafallah––caper
bush––honey, C. spinosa, KSA), SDS 1, 2, 3 (seder, Z. sp. honey
from three locations, KSA), SDY (seder, Z. sp. honey, Yemen),
TUM (tualang tree K. excelsa honey, Malaysia), CNE (cotton
honey, Egypt), JRA (Jarrah, E. marginata honey, Australia), CVE
(clover honey, Egypt), PAG (pseudoacacia trees, R. pseudoacacia
honey, Germany), ARS 1 & 2 (artiﬁcially fed colony honeys 1 & 2,
KSA), CTE (citrus honey, Egypt), and ALS (alfalfa honey, KSA).
Mineral content and physical properties of local and imported honeys in Saudi Arabia 623that the heavy metal contents of Saudi honeys were either com-
parable to or less than the internationally reported values and
could be regarded as safe for human consumption (Ashraf and
Akram, 2008). The present values are close to those of Nanda
et al. (2003) who linked the variation in mineral contents of
some Indian honeys to the effect of ﬂoral origin. A similar
trend was reported by Conti et al. (2007) for Italian pseudo-
acacia, multiﬂoral and honeydew honeys. A weekly Pb intake
of 3 mg for adults and 0.3 mg for babies is considered provi-
sionally tolerable, children and the elderly were neglected,
but levels of 15 lg/kg body weight for Cd and 25 lg/kg body
weight for Pb were proposed (WHO, 1989, 2000; JECFA,
2005). Beginning in 1977, honeys with lead concentrations
above 215 lg/kg cannot be sold in Germany (Pisani et al.,
2008). Rashed and Soltan (2002) reported that among the
Egyptian honeys, syrup-fed honey exhibited higher concentra-
tions of Cd, Co, Fe, K, Mg, Mn, Na, and Pb compared with
sesame, orange, and clover honeys and added that orange
honey contained the lowest elemental content (except for I,
0.87 lg/g), while clover honey had the lowest Cd (0.01 lg/g)
and highest Pb (4.2 lg/g) contents. Light blossom honeys have
lower elemental contents than dark honeys (Feller-Demalsy
et al., 1989; Sevlimli et al., 1992; Gonzalez-Miret et al., 2005;
Tuzen et al., 2007). Differentiation between the uniﬂoral hon-eys by determining the trace elements was possible (Bogdanov
et al., 2007, 2008). Contact with stainless steel surfaces during
harvesting, processing and/or preparation of honey for the
market can generate high Cr content due to the corrosive effect
of honey acidity. Likewise, storing honey in galvanized con-
tainers can be a source of Zn contamination (Gonza´les et al.,
2000; Bogdanov et al., 2003). High levels of aluminum were
reported in Chilean and Moroccan honeys due to their bee-
keeping practices (Fredes and Montenegro, 2006; Chakir
et al., 2011). Bibi et al. (2008) found that the lowest Pb content
(0.02 ppm) was found in Australian honey, while the highest
(1.81 ppm) was in Saudi honey. Different levels of Pb (ranging
from 10.0 lg/kg to 841 lg/kg) in honeys from different regions
of Croatia, were described by Bilandzˇic´ et al. (2011), who
added that these levels were higher than those reported in
other European countries. In the present study, the highest
value of Pb (0.23 ppm) was recorded for both New Zealand
manuka (MKN2) and Saudi acacia honeys (ACS3). The max-
imum residue levels suggested by the European Union for Cd
and Pb are 0.1 mg/kg and 1.00 mg/kg, respectively (Byrne,
2000; Bogdanov et al., 2007).
6.2. Color
Because the color grading of honey is based on a simple optical
comparison using a Pfund color grader or a Lovibond instru-
ment (Aubert and Gonnet, 1983), the values of these compar-
ators provide a measure of color intensity, but only within the
normal amber tones of honey. Spectroscopic techniques have
demonstrated a high correlation with results obtained using
these classical methods (Terrab et al., 2002). The determina-
tion of color is a useful criterion for classifying uniﬂoral hon-
eys (Gonza´les et al., 1999), and honey colors have been
positively correlated with their botanical origin (r= 0.863),
i.e., the darker the honey color is, the higher the mineral con-
tent is. Saudi honeys appear darker in color than imported
ones because their OD values averaged 2.14 and 1.51, respec-
tively. Owayss (1996) reported optical density values for Egyp-
tian clover and cotton honeys of 0.12 and 0.14, respectively,
and in another study the OD for cotton honey was found to
be 0.418 (Awad and Owayss, 2008). Al-Doghairi et al. (2007)
mentioned that the colors of uniﬂoral and multiﬂoral Saudi
honeys are light amber, amber and dark amber. In most coun-
tries, honey prices are dependent, to a large extent, on color.
Thus, the light honeys, e.g., Robinia pseudoacacia and orange
(Citrus spp.), generally garner the highest prices. In contrast,
in German-speaking countries, dark honeydew honeys are
especially appreciated (Ruoff, 2006). In Saudi Arabia, dark
honeys are also more highly preferred than lighter ones.
6.3. Ash and EC
The ash content of the Saudi honeys had relatively high average
values (0.50%) compared with the imported honeys (0.32%).
Blossom honeys primarily have a mineral content between
0.1% and 0.3%, while the mineral content of honeydew honeys
can reach 1% (White, 1975). Mineral content has historically
been used as a measure of honey quality, but recently, this
quantity has been replaced by the EC (Ruoff, 2006). Dark hon-
eys (e.g., acacia and linden) contain higher levels of microele-
ments than light honeys (e.g., rape). In addition, Owayss
624 A.S. Alqarni et al.(1996) found that Egyptian cotton honey had higher ash con-
tent (2.566%) than clover honey (1.269%). The varied EC val-
ues could be due to the fact that perennial plants store heavy
metals in a different manner than trees (Bratu and
Georgescu, 2005). In contrast, extraordinarily high ash con-
tents (0.001%–10.110 %) were reported by Al-Doghairi et al.
(2007) in uniﬂoral and multiﬂoral Saudi honeys collected from
the Al-Qassim region in northeastern Saudi Arabia.
Accordingly, the ECs of the tested Saudi honeys were
higher than those of the exotic ones (1.01 mS/cm and
0.69 mS/cm, respectively), although both fell within the EC
standards for honey (1.06–7.17 mS/cm). EC was found to be
the most important criterion for classifying uniﬂoral and hon-
eydew honeys (Mateo and Bosch-Reig, 1998; Devillers et al.,
2004). The mineral content was also successfully utilized to
authenticate the honeys (Latorre et al., 1999; Latorre et al.,
2000; Fernandez-Torres et al., 2005). Hence, the mineral con-
tent can be used to determine the geographical origin of certain
honeys, but it should not be used alone (Nozal-Nalda et al.,
2005) and is only useful for distinguishing between blossom
and honeydew honeys (Terrab et al., 2003). This conclusion
indicates a strong correlation between the mineral content
and the honey color (Gonzalez-Miret et al., 2005). Mineral
content does not allow a more detailed classiﬁcation between
different uniﬂoral honeys than the measurement of EC
(Ruoff, 2006). The simultaneous application of EC and ele-
mental analysis is useful for evaluating and grouping honeys
according to their origin (Lachman et al., 2007). Using regres-
sion analysis, Chua et al. (2012) found that the total element
content of honey was strongly correlated with the EC, but only
moderately correlated with the ash content and honey color. In
addition, Malaysian tualang and gelam honeys were found to
have similar mineral proﬁles with sesame honeys from Egypt
and multiﬂoral honeys from India, whereas Malaysian forest
honeys were similar to avocado honeys from Spain and mul-
tiﬂoral honeys from India.
7. Conclusion
According to the present ﬁndings, the locally produced and
exotic honeys examined were found to be safe for human con-
sumption; their mineral or trace element contents were less or
comparable to permitted levels. More research should be con-
ducted periodically on the elemental content of local Saudi or
imported honeys to indicate their origin and track the develop-
ment of pollutants in particular areas. Saudi acacia honey is of
particular concern for further analytical and biological studies.
Acknowledgements
The authors extend their appreciation to the Deanship of Sci-
entiﬁc Research at King Saud University for funding the work
through the research group project No. RGP-VPP-189. Con-
siderable thanks are extended to Prof. Hamza Abu-Tarboush
for his care in reading earlier drafts of the manuscript.
References
Abu-Tarboush, H.M., Al-Kahtani, H.A., El-Sarrag, M.S.A., 1993.
Floral-type identiﬁcation and quality evaluation of some honey
types. Food Chemistry 46, 13–17.Al-Doghairi, M.A., Al-Rehiayani, S., Ibrahim, G.H., Osman, K.A.,
2007. Physicochemical and antimicrobial properties of natural
honeys produced in Al-Qassim region, Saudi Arabia. Meteorology,
environment & arid land agricultural sciences. Journal of King
Abdulaziz University 18 (2), 3–18.
Al-Khalifa, A.S., Al-Arify, I.A., 1999. Physicochemical characteristics
and pollen spectrum of some Saudi honeys. Food Chemistry 67,
21–25.
Alqarni, A.S., 2011. Beekeeping in Saudi Arabia: Current and Future
(in Arabic), 1st ed. Saudi Society for Agricultural Sciences, Riyadh,
King Saud University. No. 21, p. 40.
AOAC, 1990. Association of Ofﬁcial Analytical Chemists, Ofﬁcial
Methods of Analysis, 15th ed. Arlington, Index of method number
920, p. 181.
Ashraf, M.W., Akram, S., 2008. Characterization of Saudi Arabian
ﬂoral honeys by their physicochemical characteristics and heavy
metal contents. Fresenius Environmental Bulletin 17 (7b), 877–881.
Aubert, S., Gonnet, M., 1983. Mesure de la couleur des miels.
Apidologie 14, 105–118.
Awad, A.M., Owayss, A.A., 2008. Inﬂuence of heat treatment on
formation of hydroxymethylfurfural and hydrogen peroxide as
heating indicators of honey. Fayoum Journal of Agricultural
Research and Development 22 (2), 155–164.
Bibi, S., Husain, S.Z., Malik, R.N., 2008. Pollen analysis and heavy
metals detection in honey samples from seven selected countries.
Pakistan Journal of Botany 40 (2), 507–516.
Bilandzˇic´, N., Dovic´, M., Sedak, M., Kolanovic´, B.S., Varenina, I.,
Koncˇurat, A., Rudan, N., 2011. Determination of trace elements in
Croatian ﬂoral honey originating from different regions. Food
Chemistry 128, 1160–1164.
Bogdanov, S., 2006. Contaminants of bee products. Apidologie 37, 1–
18.
Bogdanov, S., Imdorf, A., Charriere, J., Fluri, P., Kilchenmann, V.,
2003. The Contamination of the Bee Colony. Swiss Bee Research
Centre, Bern, Switzerland, pp. 1–12.
Bogdanov, S., Haldimann, M., Luginbu¨hl, W., Gallmann, P., 2007.
Minerals in honey: environmental, geographical and botanical
aspects. Bee World 46 (4), 269–275.
Bogdanov, S., Jurendic, T., Sieber, R., Gallmann, P., 2008. Honey for
nutrition and health: a review. Journal of the American College
Nutrition 27, 677–689.
Bratu, L., Georgescu, C., 2005. Chemical contamination of bee honey-
identifying sensor of the environment pollution. Journal of Central
European Agriculture 6 (1), 467–470.
Byrne, D., 2000. EC Commission Decision (draft) Amending Annex II
to Council directive 92/118/EEC b.
Celli, G., Maccagnani, B., 2003. Honey bees as bioindicators of
environmental pollution. Bulletin of Insectology 56 (1), 137–139.
Chakir, A., Romane, A., Barbagianni, N., Bartoli, D., Ferrazzi, P.,
2011. Major and trace elements in different types of Moroccan
honeys. Australian Journal of Basic and Applied Sciences 5 (4),
223–231.
Chapman, H.D., Pratt, P.P., 1961. Methods of Analysis for Soils,
Plants and Waters. University of California, Division of Agricul-
tural Sciences, p. 309
Chua, L.S., Abdul-Rahaman, N.L., Sarmidi, M.R., Aziz, R., 2012.
Multi-elemental composition and physical properties of honey
samples from Malaysia. Food Chemistry 135 (3), 880–887.
Codex Alimentarius Committee on Sugars, 2001. Codex standard 12
revised codex standard for honey. Standard Methods 11, 1–7.
Conti, M.E., Stripeikis, J., Campanella, L., 2007. Characterization of
Italian honeys (Marche region) on the basis of their mineral content
and some typical quality parameters. Chemistry Central Journal 1,
14.
De Ferrer, B.S.G., de Rodriguez, O., Pena, J., Martinez, J., Moran,
M., 2004. Mineral content of the honey produced in Zulia state,
Venezuela. Archivos Latinoamericanos de Nutricion 54 (3), 346–
348.
Mineral content and physical properties of local and imported honeys in Saudi Arabia 625Devillers, J., Morlot, M., Pham-Delegue, M.H., Dore, J.C., 2004.
Classiﬁcation of monoﬂoral honeys based on their quality control
data. Food Chemistry 86, 305–312.
European Commission. Council Directive 2001/110/EC of 20 Decem-
ber 2001 relating to honey. Ofﬁcial Journal of The European
Communities 2002 L10, pp. 47–52.
Feller-Demalsy, M.J., Vincent, B., Beaulieu, F., 1989. Mineral content
and geographical origin of Canadian honeys. Apidologie 20, 77–91.
Fernandez-Torres, R., Perez-Bernal, J.L., Bello-Lopez, M.A., Calle-
jon-Mochon, M., Jimenez-Sanchez, J.C., Guiraum-Perez, A., 2005.
Mineral content and botanical origin of Spanish honeys. Talanta
65, 686–691.
Fredes, C., Montenegro, G., 2006. Heavy metal and other trace
elements contents in honey bee in Chile. Ciencia e Investigacio´n
Agraria 33, 50–58.
Gonza´les, A.P., Burin, L., Buera, M.D., 1999. Color changes during
storage of honeys in relation to their composition and initial color.
Food Research International 32, 185–191.
Gonza´les, A., Go´mez, J., Garcı´a-Villanova, R., Rivas, T., Ardanuy,
R., Sa´nchez, J., 2000. Geographical discrimination of honeys by
using mineral composition and common chemical quality
parameters. Journal of the Science of Food and Agriculture 80,
157–165.
Gonzalez-Miret, M.L., Terrab, A., Hernanz, D., Fernandez-Reca-
males, M.A., Heredia, F.J., 2005. Multivariate correlation between
color and mineral composition of honeys and by their botanical
origin. Journal of Agricultural and Food Chemistry 53, 2574–2580.
JECFA, 2005. Summary of Evaluation Performed by the Joint FAO/
WHO Expert Committee on Food Additives (JECFA), 64th
Meeting, 8–17 February 2005, Rome, Italy.
Kaakeh, W., Gadelhak, G.G., 2005. Sensory evaluation and chemical
analysis of Apis mellifera honey from the Arab Gulf region. Journal
of Food and Drug Analysis 13 (4), 331–337.
Lachman, J., Kolihova´, D., Miholova´, D., Kosˇata, J., Titra, D., Kult,
K., 2007. Analysis of minority honey components: possible use for
the evaluation of honey quality. Food Chemistry 101, 973–979.
Latorre, M.J., Pen˜a, R., Pita, C., Botana, A., Garcıa, S., Herrero, C.,
1999. Chemometric classiﬁcation of honeys according to their type
II. Metal content data. Food Chemistry 66, 263–268.
Latorre, M.J., Pena, R., Garcia, S., Herrero, C., 2000. Authentication
of Galician (NW Spain) honeys by multivariate techniques based
on metal content data. Analyst 125, 307–312.
Mateo, R., Bosch-Reig, F., 1998. Classiﬁcation of Spanish uniﬂoral
honeys by discriminant analysis of electrical conductivity, color,
water content, sugars, and pH. Journal of Agricultural and Food
Chemistry 46, 393–400.
McKee, B., 2003. Prevention of residues in honey: a future perspective.
Apiacta 38, 173–177.
Mesallam, A.S., El-Shaarawy, M.I., 1987. Chemical characteristics of
bee-honey in Saudi Arabia. Journal of College of Agriculture, King
Saud University 9 (2), 243–251, Riyadh, KSA.
Nanda, V., Sarkara, B.C., Sharmaa, H.K., Bawab, A.S., 2003.
Physico-chemical properties and estimation of mineral content in
honey produced from different plants in Northern India. Journal of
Food Composition and Analysis 16, 613–619.
Nozal-Nalda, M.J., Yague, J.L.B., Calva, J.C.D., Gomez, M.T.M.,
2005. Classifying honeys from the Soria Province of Spain via
multivariate analysis. Analytical and Bioanalytical Chemistry 382,
311–319.Owayss, A.A., 1996. The effect of supplementary feeding of honeybees,
Apis mellifera L., on brood, honey and royal jelly. M.Sc. Thesis,
Fac. Agric., Fayoum, Cairo University, Egypt, p. 105.
Piazza, M.G., Accorti, M., Persano-Oddo, L., 1991. Electrical
conductivity, ash, colour and speciﬁc rotatory power in Italian
uniﬂoral honeys. Apicultora 7, 51–63.
Pisani, A., Protano, G., Riccobono, F., 2008. Minor and trace
elements in different honey types produced in Siena County (Italy).
Food Chemistry 107, 1553–1560.
Rashed, M.N., Soltan, M.E., 2002. Environmental trace and toxic
elements in different types of bee honey. In: Proceedings of
International Symposium on Environmental Pollution Control and
Waste Management, January 7–10, Tunisia, pp. 51–58.
Rodriguez-Otero, J.L., Paseiro, P., Simal, J., Terradillos, L., Cepada,
A., 1992. Determination of Na, K, Ca, Mg, Cu, Fe, Mn and total
cationic milliequivalents in Spanish commercial honeys. Journal of
Apicultural Research 31 (2), 65–69.
Ruoff, K., 2006. Authentication of the botanical origin of honey. D.Sc.
Dissertation. Institute of Food Science and Nutrition, ETH Zurich,
Switzerland, p. 203
Sanford, T.M., 1994. Honey bees and environment contamination.
Florida Extension Beekeeping Newsletter 12 (5), 15.
Sevlimli, H., Bayulgen, N., Varinioglu, H., 1992. Determination of
trace elements in honey by INAA in Turkey. Journal of Radioan-
alytical and Nuclear Chemistry Letters 165, 319–325.
Snedecor, G.W., Cochran, W.G., 1981. Statistical Methods, 7th ed.
The Iowa State University Press, Ames, Iowa, USA, p. 507.
Stanisˇkien„, B., Matusevicˇius, P., Budreckien„, R., 2006. Honey as
an indicator of environmental pollution. Aplinkos tyrimai inzˇiner-
ija ir vadyba (Environmental Research, Engineering and Manage-
ment) 2 (36), 53–58.
Terrab, A., Diez, M.J., Heredia, F.J., 2002. Chromatic characteriza-
tion of Moroccan honeys by diffuse reﬂectance and tristimulus
colorimetry – non-uniform and uniform colour spaces. Food
Science and Technology International 8, 189–195.
Terrab, A., Gonzalez, A.G., Diez, M.J., Heredia, F.J., 2003. Mineral
content and electrical conductivity of the honeys produced in
Northwest Morocco and their contribution to the characterization
of uniﬂoral honeys. Journal of the Science of Food and Agriculture
83, 637–643.
Tuzen, M., Soylak, M., 2005. Trace heavy metal levels in microwave
digested honey samples from Middle Anatolia, Turkey. Journal of
Food and Drug Analysis 13 (4), 343–347.
Tuzen, M., Silici, S., Mendil, D., Soylak, M., 2007. Trace element
levels in honeys from different regions of Turkey. Food Chemistry
103, 325–330.
Valkovic, V., 1975. Trace Element Analysis. Taylor & Francis Ltd.,
London, UK.
White, J.W., 1975. Composition of honey. In: Crane, E. (Ed.), Honey.
A Comprehensive Survey. Heinemann ed., London, pp. 157–206.
White Jr., J.W., Riethof, M.L., Subers, M.H., Kushnir, I., 1962.
Composition of American honeys. USDA Technical Bulletin 1261
(1), 124.
WHO, 1989. Evaluation of certain food additives and contaminants.
Thirty-third Report of the Joint FAO/WHO Expert Committee on
Food additives. Technical Report Series 776, Geneva.
WHO, 2000. Evaluation of certain food additives and contaminants.
Fifty-third Report of the Joint FAO/WHO Expert Committee on
Food additives. Technical Report Series 896, Geneva.
